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ABSTRACT
A range of Phytophthora, Pythium and Fusarium spp., 
some of which were isolated from native vegetation, were tested for 
pathogenicity on a selection of Eucalyptus and Pinus spp.
Initially the interaction between fungi and seedlings 
was studied using a system in which the biological factors were 
minimized. The introduced fungus faced few if any antagonists and 
the host could grow in a soil environment relatively free from other 
stimulatory or inhibiting micro-organisms. Isolates of Ph. cinnamomi, 
Ph. drechsleri, P. ?acanthicum, P. ?deliense, P. myriotylum and 
P. splendens were found to cause pre- and post-emergence damping-off 
in many of the Eucalyptus and Pinus spp. used.
The interaction between a range of the fungi and a selection 
of the tree species was then studied in unsterilized soils. In two 
of the soils, a Phytophthora sp. was present as a component of the 
natural soil microflora, no Phytophthora spp. could be isolated from 
the other three soils. To each soil a single pathogen was introduced 
and the interaction of soil, fungus and host studied. Although, 
the natural soil microflora was found to influence the pre- and post­
emergence damping-off caused by some fungi, for the majority of fungi 
no effect was evident.
Species resistance to attack by fungal organisms was extremely 
variable. All species were susceptible to some degree to some fungi 
but Eucalyptus maculata was the only species to consistently demonstrate
some resistance to fungal attack.
iii
Of the species of Phytophthora and Pythium frequently 
recovered from forest soils, some isolates of Ph. drechsleri 
could be rated as being comparable in pathogenicity with Ph. 
cinnamomi.
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1CHAPTER 1
INTRODUCTION
Many s p e c ie s  o f  th e  f a m i ly  M y rta ce a e  a re  im p o r ta n t  com ponents 
o f  th e  o v e rs to re y  and u n d e rs to re y  o f  n a t iv e  f o r e s t s  and w ood lands 
o f  A u s t r a l ia .  S p e c ie s  o f  th e  genus E u c a ly p tu s , w h ich  d o m in a te  
th e  o v e rs to re y  o f  th e s e  a s s o c ia t io n s ,  a re  th e  m a jo r  l o c a l  s o u rc e  
o f  hardwood t im b e r .
In  re c e n t  y e a rs  th e  a s s o c ia t io n  o f  s o i l - b o r n e  pa th o g e n s  
w ith  b o th  d e c l in in g  and h e a lth y  v e g e ta t io n  in  A u s t r a l ia  has re c e iv e d  
c o n s id e ra b le  a t t e n t io n .  P h y to p h th o ra  c innam om i Rands has been 
a s s o c ia te d  w ith  th e  d ie b a c k  o f  E u c a ly p tu s  m a rg in a ta  Sm. ( ja r r a h )  
i n  W este rn  A u s t r a l ia  (P o d g e r, D a e p e l and Z e n tm ye r, 1965; P o d g e r,
1 9 7 2 ), m ixed E u c a ly p tu s  s p p . in  V i c t o r i a  (W este and T a y lo r ,  1971;
M arks , Kassaby and R e y n o ld s , 1972; W este , 1 9 7 4 ), m ixed E u c a ly p tu s  s p p . 
and u n d e rs to re y  p la n ts  i n  New S ou th  W ales (F ra s e r ,  1956; P r a t t  and 
H e a th e r , 1973a; 1973b; P r a t t ,  H e a th e r and S hephe rd , 1 9 7 3 ), n a t iv e  
v e g e ta t io n  in  th e  A u s t r a l ia n  C a p i ta l  T e r r i t o r y  ( P r a t t ,  H e a th e r ,
S e d g le y  and S hephe rd , 1 9 7 2 ), n a t iv e  v e g e ta t io n  in  Q ueensland ( P r a t t ,  
H e a th e r , B o lla n d  and B row n, 1 9 7 2 ), and n a t iv e  v e g e ta t io n  in  Tasm ania 
( P r a t t  and H e a th e r , 1973a; 1 9 7 3 b ). A number o f  o th e r  P h y to p h th o ra  
and P y th ium  s p p . have a ls o  been is o la t e d  fro m  sam p les o f  s o i l  and 
p la n t  r o o ts  fro m  h e a lth y  and d e c l in in g  v e g e ta t io n  in  n a t iv e  f o r e s t s  
( P r a t t  and H e a th e r , 1973b; M arks and K assaby , 1 9 7 4 ).
In forest soils losses due to pre—emergence damping-off 
(Cunningham, I960) and to the death of seedlings by post-emergence
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damping-off or root rot normally go unnoticed. Hendrix and Campbell 
(1973) have suggested that Pythium spp., through the selective 
elimination of susceptible plant species, may act as potent determin­
ants of forest and plant vegetational associations. A similar role 
might also be played by species of the related genus Phytophthora.
Phytophthora, Pythium and Fusarium spp, are also recognised 
as regular inhabitants of forest nursery soils (Vaartaja, Cram and 
Morgan, 1961; Vaartaja and Salisbury, 1961; Hodges, 1962; Oxenham 
and Winks, 1963a; 1963b; Vaartaja and Bumbieris, 1964; Vaartaja, 1967; 
Hendrix and Campbell, 1968; Edmonds and Heather, 1973). However, 
Fusarium spp. are not recorded as being common components of 
undisturbed forest soils (Thornton, I960; Park, 1963; Smith, 1967).
The occurrence of species from these fungal genera, both 
in the nurseries which supply the stock for extensive reforestation 
and in the native forest, suggested that there was a need to examine 
their pathogenicity.
Isolation of fungi, reported in the literature to be 
potential pathogens, from forest and nursery soils is inadequate on 
its own. Pathogenicity needs to be proven in the local situation. 
Pathogenicity is usually established by constant association and 
isolation of a pathogen, reproduction of the disease symptoms by 
inoculation and re-isolation of the organism. The pathogenicity 
so demonstrated is a rather abstract concept for it has not taken 
into account environmental variables, particularly important in soil-
borne diseases
3The initial assessment of pathogenicity is often under 
experimental conditions that exclude many normal environmental 
stresses and also components of the biotic environment that may be 
of supreme importance. The pathogenicity so demonstrated indicates 
the genetic ability of the species to attack the host: it does not 
necessarily indicate that attack in field environments will occur.
In this study the pathogenicity of a range of Phytophthora, 
Pythium and Fusarium spp.* on some Eucalyptus and Pinus spp. was 
tested:
1. when the host was grown in steam-air-treated sand 
and hence with limited microbial antagonism to the 
fungus being studied.
2. in unsterilised soil in the absence of Phytophthora 
spp. as a component of the natural soil microflora.
3. in soil in the presence of the soil-borne pathogens 
Phytophthora cinnamomi and Phytophthora drechsleri 
Tucker.
Finally, the role of a number of these organisms in native vegetation 
is examined in the light of recent pathological investigations in 
forestry within Australia.
* The generic names of the fungal organisms have been abbreviated 
in the text: F., Fusarium; Ph., Phytophthora; P., Pythium;
R., Rhizopus
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THE PATHOGENICITY OF A RANGE OF SOIL-BORNE PLANT FUNGI
2 .1  INTRODUCTION
Between Ja n u a ry  1969 and A ugus t 1972 a s u rv e y  was u n d e r­
ta k e n  to  e s ta b l is h  th e  d i s t r i b u t i o n  o f  Ph. c innam om i th ro u g h o u t 
A u s t r a l ia  ( P r a t t  and H e a th e r , 1 9 7 3 a ). In  a d d i t io n  t o  Ph. c in n a m o m i, 
i s o la t io n s  o f  a number o f  o th e r  P h y to p h th o ra  and P y th iu m  s p p . were 
made ( P r a t t  and H e a th e r , 1973bJ. E x p e r im e n ts  1 and 2 a re  t e s t s  
to  d e te rm in e  th e  p a th o g e n ic i t y  o f  th e s e  s p e c ie s ,  to g e th e r  w i th  a 
number o f  o th e r  is o la t e s  from  a g r i c u l t u r a l  and h o r t i c u l t u r a l  p la n ts  
(T a b le s  2 .1  and 2 . 2 ) .
'P o t e n t i a l '  p a th o g e n ic i t y  s tu d ie s  on p la n ts  grow n in  
s t e r i l i s e d  a g a r m ed ia  have been c a r r ie d  o u t ( V a a r ta ja  and Cram, 1956; 
V a a r ta ja ,  Cram and M organ, 1961; V a a r ta ja  and S a l is b u r y ,  1961; 
V a a r ta ja  and B u m b ie r is ,  1964; Edmonds and H e a th e r , 1 9 7 3 ). The 
p a th o g e n ic i t y  so d e m o n s tra te d  i s  n o t n e c e s s a r i ly  in d ic a t i v e  o f  t h a t  
w h ich  o c c u rs  in  f o r e s t  e n v iro n m e n ts .
In  th e  f o l lo w in g  in v e s t ig a t io n  th e  p a th o g e n ic i t y  o f  a 
number o f  o rg a n is m s , u s in g  s te a m - a ir - t r e a te d  sand in o c u la te d  w ith
th e  t e s t  fu n g u s , was exa m in e d .
2 .2  MATERIALS AND METHODS
2 . 2 . 1  A p p a ra tu s  and E x p e r im e n ta l D es ign
The p a th o g e n ic i t y  o f  each fu n g u s  was te s te d  on 12 p la n t  
s p e c ie s  (D ia g .  1 ) .  L a rg e  p la s t i c  t r a y s ,  8 cm. in  d e p th  w ere used
5TABLE 2.1 F u n g a l S p e c ie s  f P h y to p h th o ra  s p p . )
SPECIES SOURCE
P h y to p h th o ra  c innam om i 
Rands A1
n a t iv e  f o r e s t ;  O urim bah , N .S.W . 
IM I 165642.
P h y to p h th o ra  c innam om i 
Rands A2
n a t iv e  f o r e s t ;  W.A.
P h y to p h th o ra  ca c to ru m  
[L e b . & Cohn] S c h ro e t .
-  ; W.A.
P h y to p h th o ra  c i t r i c o l a  
Sawada
n a t iv e  f o r e s t ;  O u rim bah , N .S.W . 
IM I 168072.
P h y to p h th o ra  c ry p to g e a  
P e th y b r .  & L a f f .  A2
h o r t i c u l t u r a l  p la n ts ;  A d e la id e ,
S . A .
P h y to p h th o ra  c ry p to g e a  
P e th y b r .  & L a f f .  A2
h o r t i c u l t u r a l  p la n ts ;  A d e la id e ,
S . A.
P h y to p h th o ra  d r e c h s le r i  
T u c k e r [ N o r th e rn  ] *
n a t iv e  v e g e ta t io n ;  C oo roy , 
Q ueens land . IM I 168071.
P h y to p h th o ra  d r e c h s le r i  
T u c k e r A1*
n a t iv e  v e g e ta t io n ;  W ils o n s  V a l le y ,  
N .S .W . IM I 172308.
P h y to p h th o ra  d r e c h s le r i  
T u cke r A2 [S o u th e rn ]*
n a t iv e  f o r e s t ;  C ondor C re e k , 
A .C .T . K 93 .
P h y to p h th o ra  d r e c h s le r i  
T u cke r A2 [S o u th e rn ]*
n a t iv e  f o r e s t ;  Backhouse C reek , 
N .S.W . K 24 .
P h y to p h th o ra  d r e c h s le r i  
T u c k e r
h o r t i c u l t u r a l  p la n ts ;  C a n b e rra , 
A .C .T . J 8 .
P h y to p h th o ra  d r e c h s le r i  
T u cke r
; W.A. IM I 129907.
P h y to p h th o ra  n ic o t ia n a e  
B reda de Haan v a r .  p a r a s i t i c a  
[D a s tu r ]  W a te rh . A1
n a t iv e  f o r e s t ;  C o f fs  H a rb o u r, 
N .S .W . IM I 174447.
P h y to p h th o ra  n ic o t ia n a e  
Breda de Haan v a r .  p a r a s i t i c a  
[D a s tu r ]  W a te rh . A2
a g r i c u l t u r a l  c ro p ; Sandy C reek , 
n e a r B e rm a g u i-T a th ra , N.S.W .
IM I 168069.
P h y to p h th o ra  n ic o t ia n a e  
Breda de Haan v a r .  p a r a s i t i c a  
[D a s tu r ]  W a te rh . A2
n a t iv e  f o r e s t ;  C o f fs  H a rb o u r, 
N .S.W . IM I 168070.
TABLE 2.2 Fungal Species (Other than Phytophthora spp.)
SPECIES SOURCE *
Fusarium moniliforme var. 
subglutinans Edwards
horticultural plants; Australian 
National University, Canberra, A.C.T
Fusarium oxysporum Schlect. horticultural plants; Australian 
National University, Canberra, A.C.T
Pythium (?) acanthicum 
Drechsler*
native forest; Perth Area, 
Tasmania. IMI 151836.
Pythium (?) acanthophoron 
Sideris*
native forest; Southern Division, 
Tasmanian Forestry Commission.
IMI 151833.
Pythium (?) deliense 
Muers*
native forest; Southern Division, 
Tasmanian Forestry Commission.
IMI 151839.
Pythium irreguläre Buisman* horticultural plants; Canberra, 
A.C.T. IMI 151841.
Pythium middletonii Sparrow* ; Bega, N.S.W. IMI 151834.
Pythium myriotylum Drechsler agricultural crop; N.S.W.
Pythium (?) oedochilum 
Drechsler*
native vegetation; Wesley Vale, 
Tasmania. IMI 168074.
Pythium splendens Braun* native forest; Southern Division, 
Tasmanian Forestry Commission.
IMI 168068.
Pythium ultimum var. 
sporangiferum Drechsler*
native forest; Southern Division, 
Tasmanian Forestry Commission.
IMI 151832.
Pythium sp. horticultural plants; Canberra. 
A.C.T. J7.
Pythium sp. River Sand; Tharwa, A.C.T. J9.
Rhizopus oligosporus Saito NRRL. 2710. United States.
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8for each test fungus. Plastic drinking cups, 6 cm. high x 5.5 cm. in 
diameter, with three small holes drilled in the base were used to 
contain the soil and seeds for each plant species. Seven replicate 
cups were allowed for each tree species.
2.2.2 The Soil
A washed, coarse-grained river sand was obtained from 
Tharwa, near Canberra, in the Australian Capital Territory, and 
treated at 160°C. for 45 min.
Direct soil plating of the sand, after partial sterilization, 
onto 2% water streptomycin (50 ppm.) agar revealed the absence of 
fungi but the presence of some bacteria.
2.2.3 The Fungal Species
The isolates used in Experiments 1 and 2 are listed in 
Tables 2.1 and 2.2. The majority of organisms* used were isolated 
from native forests by Pratt and Heather (l973_b), others were ob­
tained from sources shown.
FL oligosporus was included for comparison of an innocuous 
organism with suspected pathogens.
2.2.4 The Tree Species
The seed of all species used was collected and cleaned 
by the Forest Research Institute, Department of Agriculture, Canberra, 
Australian Capital Territory (Table 2.3).
* Refer to Tables 2.1 and 2.2.
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2 .2 .4 .1  E u c a ly p tu s  s p p .
P r a t t  and H e a th e r  ( 1973a) have g ro uped  a number o f  
E u c a ly p tu s  s p p . in t o  f o u r  c la s s e s  a c c o rd in g  to  t h e i r  f i e l d  r e s is ta n c e  
to  th e  d is e a s e  a s s o c ia te d  w ith  Ph. c in n a m o m i. In  th e  p re s e n t s tu d y  
E u c a ly p tu s  s p p . were s e le c te d  to  in c lu d e  r e p r e s e n ta t iv e s  o f  each 
o f  th e  f o u r  c la s s e s ,  and to  in c lu d e  s p e c ie s  o f  econom ic im p o r ta n c e  
to  th e  t im b e r  in d u s t r y .
The w e ig h t o f  seed in  each cup was s e le c te d  to  p ro v id e  
a t  le a s t  20 v ia b le  s e e d s .
2 .2 .4 .2  P in u s  s p p .
P in u s  s p p . w ere a ls o  s e le c te d  a c c o rd in g  to  t h e i r  econom ic  
im p o r ta n c e . They in c lu d e d  th e  m a jo r i t y  o f  s p e c ie s  t h a t  fo rm  th e  
b a s is  o f  th e  S o ftw ood  r e f o r e s t a t io n  programmes i n  A u s t r a l ia .
Because o f  th e  h ig h  v i a b i l i t y  o f  seed and ease o f  c o u n t in g  
la r g e  se e d , 20 seeds w ere p la c e d  in  each c u p .
2 .2 .5  P re p a ra t io n  o f  In o c u la te d  S o i l
In o c u lu m  was p re p a re d  by g ro w in g  th e  t e s t  fu n g u s  in  
e x f o l ia t e d  v e r m ic u l i t e  m o is te n e d  w ith  * C am pbe lls  V8* v e g e ta b le  ju ic e  
f o r  4 -5  w eeks, a t  2 5 ° C . , i n  th e  d a r k .  The medium was p re p a re d  
by m o d ify in g  th e  te c h n iq u e  o f  C h i lv e r s  (1 962 ) as f o l lo w s :
To 3C gm. o f  e x f o l ia t e d  v e r m ic u l i t e  was added 2G0 m l. 
o f  d i lu t e d  V8 ju ic e  (1 5 0  m l. V8 c o n c e n tra te  to  1 1. o f  g la s s  d i s t i l l e d  
w a te r ) .  The m o is te n e d  v e r m ic u l i t e  was s e a le d  in  a 500 m l.  f l a s k  
and a u to c la v e d  a t  240°C . and a p re s s u re  o f  1 .0 6  k g m ./c m ^ ., f o r  15
m in
11
When the fungus had spread through the vermiculite, 
the inoculum was washed with sterile glass distilled water to 
remove excess nutrients.
The washed inoculum was added to the sand so that the
ratio DRY vvEIGHT OF INO CULUM  + SAND was 1:50, Sand and inoculum 
were mixed by hand for 5 min. Cups were filled to a depth of
4 cm. Sand mixed with washed non-inoculated vermiculite-V8 medium 
was added to the control cups.
2.2.6 Experimental Procedure
The sand was inoculated by addition of the vermiculite culture 
and added to the cups (Section 2.2.5).
Weighed seed lots of Eucalyptus spp. or counted seed lots 
of Pinus spp. were added to the cups and arranged in the trays, so 
that each of twelve tree species was replicated seven times in each 
tray. Each tray contained only one test fungus or no added organism 
in the case of the controls. To each cup was added sufficient 
steam-air-treated sand to cover the seed.
Watering was carried out by flooding the trays to a 
depth of 2 cm. with glass distilled water. The trays were then 
allowed to dry out, then again flooded. This procedure was followed 
for the duration of the experiment.
Glasshouse conditions were adjusted to provide a 15 h. 
day with diurnal temperatures varying between 18°C. and 34°C.
The water in each tray was periodically baited, using 
the technique described by Pratt and Heather (1972), to ascertain 
the presence of the test organisms.
12
Observations were made daily. Seedling emergence was 
assessed at 6-10 days: deaths were also recorded, and the dead seed­
lings removed. The experiment was terminated at 6 weeks, and the 
number of seedlings remaining in each cup was recorded.
The roots of live seedlings were plated on 2°/o water 
streptomycin (50 ppm) agar, in an attempt to recover the fungus 
used in the original inoculation.
2.2.7 Statistical Analysis
In both Experiments 1 and 2 the data were analysed in 
four parts.
1. Eucalyptus spp.
(a) Number of Seedlings Emerged. Any reduction in the 
number of seedlings emerged, in comparison to the 
control, was attributed to pre-emergence damping-off.
(b) Proportion of Seedlings Killed. The death of seedlings 
emerged was attributed to post-emergence damping-off
(No evidence of loss from any other cause was found).
Proportion of Seedlings Killed was the ratio
Number of Seedlings Killed 
Number of Seedlings Emerged
2. Pinus spp
(a) Proportion of Seedlings Emerged. This variable was
applicable to the Pinus spp., since the initial number
of sown seeds is known. Proportion of Seedlings
Emerged was the ratio
13
(b) Proportion of Seedlings Killed. As for 1(b). 
Transformations of the data were necessary to achieve 
homogeneity of cell variances. Data for ’Proportion of Seedlings 
Killed*, 1(b) and 2(b), and * Proportion of Seedlings Emerged*, 2(a), 
were transformed using the arcsine transformation -
sin.
Number of Seedlings Emerged
_______ (Number Killed)
Total Number of Seedlings
+ .375 
+ .75
For ’Number of Seedlings Emerged*, 1 (a), data were transformed 
using a square root transformation.
The transformed results were subjected to Analysis of 
Variance. A 2 factor Analysis of Variance was carried out on the 
data for *Number of Seedlings Emerged*, 1(a), and ’Proportion of 
Seedlings Emerged*, 2(a), the intracell mean square being used to 
test for the interaction. The intracell mean square may possibly 
be an underestimate of the mean square, but in this case it would 
appear to be a reasonable estimate (Forrester, pers. comm.).
For ’Proportion of Seedlings Killed*, 1(b) and 2(b), a 
2 factor factorial analysis was again used, but it was non- 
orthogonal since there were unequal numbers in the sub-classes.
The original data for Experiments 1 and 2 are given in 
Appendices 1 and 2.
2.3 RESULTS
2.3.1 Pre-Emergence Damping-Off
Statistical Analysis of the data (Table 2.4), supports 
the conclusion that most of the fungal organisms used were pathogenic
14
TABLE 2 .4  A n a ly s is  o f  V a r ia n c e  f o r  Number o f  
E u c a ly p tu s  S e e d lin g s  Em erged. 
E x p e r im e n ts  1 and 2
S ource  o f  V a r ia t io n
D egrees
o f
Freedom
Mean
Square
V a r ia n c e
CD
R a tio
(2 )
E x p e r im e n t 1
F u n g i 11 9 4 .3 4 8 3 .9 5
T re e s 7 36 .61 3 2 .9 3
*** •
F u n g i x T re e s 77 5 .7 8 11 .83
* * *
(W ith in  S u b -c la s s 576 .4 9
E r r o r I n t e r a c t io n  + 
W ith in  S u b -c la s s
653 1.11
E x p e r im e n t 2
F u n g i 16 153 .82 169 .89
T rees 7 6 3 .0 4 6 9 .6 3
* * *
F u n g i x  T re e s 112 5 .1 2 15 .68
W ith in  S u b -c la s s 816 .33
E f f o r " in t e r a c t io n  + 
"W ith in  S u b -c la s s
928 .91
* * *  S ig n i f i c a n t  a t  th e  0.1°/o l e v e l
(1 )  V a r ia n c e  R a t io .  I n t e r a c t io n / W i t h in  S u b -c la s s
(2 )  V a r ia n c e  R a t io .  M ain E f f e c t s / i n t e r a c t io n  +
W ith in  S u b -c la s s
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TABLE 2 .6  A n a ly s is  o f  V a r ia n c e  f o r  P ro p o r t io n  o f  
P in u s  S e e d lin g s  Em erged. E x p e r im e n ts  
1 and 2
S ource  o f  V a r ia t io n
D egrees
o f
Freedom
Mean
Square
V a r ia n c e
( 1 )
R a t io
(2 )
E x p e r im e n t 1
F u n g i 11 .31 16 .72
T re e s 3 4 .7 3 2 5 4 .9 9
F u n g i x T re e s 33 .05 3 .4 7
■***
(W ith in  S u b -c la s s  
E r r o r  ( in t e r a c t io n  +
(W ith in  S u b -c la s s
288
321
.015
.019
* * *
E x p e r im e n t 2
F u n g i 16 2 .2 4 7 2 .5 7
T re e s 3 1 .1 4 3 6 .7 6
F u n g i x T re e s 48 .15 9 .3 6
* * *
(W ith in  S u b -c la s s  
E r r o r s  ( in t e r a c t io n  +
(W ith in  S u b -c la s s
408
456
.016
.031
* * *
* * *  S ig n i f i c a n t  a t  th e  G.01°/o le v e l
(1 )  V a r ia n c e  R a t io .  I n t e r a c t io n / W i t h in  S u b -c la s s
(2 )  V a r ia n c e  R a t io .  M ain E f f e c t s / i n t e r a c t i o n  +
W ith in  S u b -c la s s
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TABLE 2.8 Analysis of Variance for Proportion of 
Seedlings Killed. Experiments 1 and 2. 
(includes Both Eucalyptus and Pinus spp.)
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Source of Variation
Degrees
of
Freedom
Mean
Square
Variance
CD
Ratio
(2)
Experiment 1
Fungi 11 2.68 49.86
Trees 11 .58 1G.74***
Fungi x Trees 104 .12 3.01
***
(Within Sub-class 499 .04
Error (interaction + 603 .054
(Within Sub-class
Experiment 2
Fungi 16 1 .69 32.35
Trees 11 .74 14.15***
Fungi x Trees 134 .207 7.86
(Within Sub-class 802 .026
Error (Interaction + 936 .052
(Within Sub-class
*** Significant at the 0.1°/o level
(1) Variance Ratio. Interaction/Within Sub-class
(2) Variance Ratio. Main Effect/lnteraftion +
Within Sub-class
and caused pre-emergence loss in most, or all the test Eucalyptus
spp. (Table 2.5 and Figs. 2.1 - 2.4). Major exceptions were 
F. moniliforme var. subglutinans, F. oxysporum, P. ultimum var. 
sporangiferum, P. middletonii and R. oligosporus, all of which 
had little or no effect on the emergence of any Eucalyptus spp.
The Analysis of Variance used to support the Pinus spp. 
data, in respect of pre-emergence damping-off, is contained in 
Table 2.6.
Most Phytophthora isolates were pathogenic and caused 
pre-emergence loss in Pinus spp. (Table 2.5, Figs. 2.5 - 2.6). 
Fusarium and Pythium isolates were generally less pathogenic than 
Phytophthora isolates, although there were exceptions. P.?acanthicum 
P. irreguläre and P. myriotylum caused significant losses in some 
species.
2.3.2 Post-Emergence Damping-Off
The highly pathogenic organisms totally prevented emergence 
of a number of tree species, and consequently the data for post­
emergence damping-off are incomplete (Table 2.7 and Figs. 2.7 - 2.12) 
The Analysis of Variance Table for Experiments 1 and 2 include both 
Eucalyptus and Pinus spp., and are contained in Table 2.8.
The emergence of a number of Eucalyptus spp. was severely 
inhibited by most Phytophthora isolates. For those species and 
isolates where data are available most Phytophthora spp. caused 
post-emergence loss in the majority of Eucalyptus spp. (Table 2.7 and
Figs. 2.7 - 2.10). Fusarium and Pythium spp. were less pathogenic
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than Phytophthora spp., although there were exceptions. _P. 
?acanthophoron, P. ?deliense, P. myriotylum, P. splendens, Pythium sp. 
(J7), and Pythium sp. (J9) caused some loss in most Eucalyptus spp.
Most Phytophthora spp. caused post-emergence loss in 
Pinus spp. (Table 2.7). Few Pythium isolates were pathogenic.
However, P. ?acanthicum, P. ?deliense, P. irreguläre, P. myriotylum 
and P_. splendens induced post-emergence losses in some species.
All host species were susceptible to some fungi. Variation 
in the degree of susceptibility of tree species to pre- and post­
emergence damping-off, suggests that to rank or group species on the 
basis of their overall resistance to disease is to oversimplify 
the situation. Eucalyptus maculata, however, was outstanding in 
its overall resistance.
The isolates originally used to inoculate the sand were 
recovered by baiting the soil water and they were recovered from
the plated roots of some seedlings.
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CHAPTER 3
THE INFLUENCE OF SOIL MICROFLORA ON PATHOGENICITY
3.1 INTRODUCTION
The previous chapter presented the results of pre- and 
post-emergence damping-off tests of a number of organisms on a range 
of commercial timber species, the experimental medium being a steam- 
air-treated sand.
In the experiment reported here unsterilised soils of 
differing nutrient status were used to replace the sand medium of 
the pathogenicity trials described in Chapter 2.
3.2 MATERIALS AND METHODS 
3.2.1 The Soil
Two soils were obtained from the South Coast of New 
South Wales, near Eden, viz.,
1• a soil from a moist gully site supporting Eucalyptus 
cypellocarpa as the dominant overstorey species, and 
2. a soil from a drier ridge site supporting Eucalyptus 
sieberi as the dominant overstorey species.
The soils were examined thoroughly for the presence of Phytophthora 
spp. using the lupin baiting technique of Pratt and Heather (1972), 
direct soil plating and the soil dilution plate methods of isolation. 
For each plating method both the medium of Eckert and Tsao (1962) and 
2°/o water streptomycin (50 ppm) agar were used.
Lupin baiting and soil plating did not detect the presence 
of any Phytophthora spp.
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Each soil was also analysed for Nitrogen and Phosphorus, 
using the technique of Fogg and Wilkinson (1958).
The results indicate that the levels of Nitrogen and 
Phosphorus are considerably higher in the soil normally supporting 
Eucalyptus cypellocarpa.
Soil Analysis
Nitrogen
Levels
Phosphorus
(ppm.)
Soil normally supporting 
Eucalyptus cypellocarpa 975 70
Soil normally supporting 
Eucalyptus sieberi 350 10
3.2.2 The Fungal Species
The following organisms, examined previously for pathogenic 
ability (Chapter 2), were used for further pathogenicity testing in 
a nonsterile system.
Fusarium moniliforme var. subglutinans 
Fusarium oxysporum 
Phytophthora cryptogea (P29)
Phytophthora nicotianae var. parasitica (A2 IMI 168069)
Pythium ?acanthicum
Phythphthora drechsleri (Northern)
Phytophthora cinnamomi (A1)
Phytophthora drechsleri (A1)
Pythium irreguläre 
Phytophthora cinnamomi (A2)
Phytophthora drechsleri (A2 Southern K24)
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3.2.3 The Tree Species
The following species were used as test hosts.
Eucalyptus cypellocarpa 
Eucalyptus maculata 
Eucalyptus pilularis 
Eucalyptus regnans 
Eucalyptus sieberi 
Eucalyptus viminalis
Two species tested previously, Eucalyptus marginata and Eucalyptus 
grandis, were not used in this trial because of problems of seed 
viability, seedling size and slow seedling development.
3.2.4 Experimental Procedure
Inoculum, seed, cups and trays were prepared as before 
[Section 2.2).
The Experimental Procedure described [Section 2.2.6) was 
amended as follows.
Periodic baiting of the soil water was not carried out. 
However, at the commencement and termination of the experiment the 
soil water was baited with lupins in an attempt to recover the 
fungus used in the original inoculation. Also at the conclusion 
of the experiment root pieces from living plants in each soil, and 
for each test organism, were plated on both 2% water streptomycin 
[50 ppm) agar and the medium of Eckert and Tsao [1962).
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3.2.5 Statistical Analysis
Three factors were considered in the analysis: viz. Soil, 
Tree species and Fungal species. The data were analysed in two parts.
3.2.5.1 Number of Seedlings Emerged : Pre-Emergence Damping-Off
Data were transformed using a square root transformation, 
the analysis being an orthogonal 3 factor factorial with internal 
replication.
3.2.5.2 Proportion of Seedlings Killed : Post-Emergence Damping-Off
Data were transformed using the arcsine transformation 
(Section 2.2.6), the analysis being a 3 factor non-orthogonal 
factorial.
3.3 RESULTS
The basic data are described in Appendix 3. The trans­
formed data are best considered in two parts.
3.3.1 Pre-Emergence Damping-Off
The data show that the number of seedlings emerged varied 
significantly with change in pathogen, soil and tree species 
(Table 3.1). Two of the three first order interactions are signi­
ficant viz., Soil x Fungi and Tree x Fungi. These interactions 
are plotted (Figs. 3.1, 3.2 and 3.3).
The ability of a fungus to cause pre-emergence damping-off 
loss is dependent on the soil. P.?acanthicum, P. irreguläre,
TABLE 3 .1
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A n a ly s is  o f  V a r ia n c e  f o r  Number o f  S e e d lin g s  
Emerged (P re -E m ergence  D a m p in g -O ff)
S ou rce  o f  V a r ia t io n
D egrees
o f
Freedom
Mean
Square
V a r ia n c e
( 1)
R a t io
(2 )
F u n g i 11 )
)
j
T re e s 5
S o i l
S o i l  x  F u n g i
1
11 3 .4 2 4 7 .9 8 * * *
)
)8 8 .8 3
)
)
)
)
)
S o i l  x  T re e s 5 .719 1 .6 8  NS
T re e s  x  F u n g i 55 13 .150 3 0 .6 5 * * *
R e s id u a l 919 .429
* * *  S ig n i f i c a n t  a t  th e  0.1°/o l e v e l .
NS N o t S ig n i f i c a n t
(1 )  V a r ia n c e  R a t io .  1 s t O rd e r I n t e r a c t io n / R e s id u a l
(2 )  V a r ia n c e  R a t io .  M ain E f f e c t s  + 1 s t  O rd e r I n t e r a c t io n s
com pared w ith  th e  R e s id u a l
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TABLE 3.2 LSD 5°/0 Used to Compare the Effects of the
Introduced Fungus with the Control for Individual 
Tree Species. Summary of Figs. 3.2 and 3.3 
(Pre-Emergence Damping-Off)
Fungal Species
Ll I Q-
Tree Species
E. regnans
E. viminalis
N = Treatment with the introduced fungus not significantly 
different from the control at the 5% level.
* = Treatment significantly different from the control at 
the 5°/o level.
TABLE 3 .3
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A n a ly s is  o f  V a r ia n c e  f o r  P ro p o r t io n  o f  
S e e d lin g s  K i l l e d  (P os t-E m ergence  D a m p in g -O ff)
S o u rce  o f  V a r ia t io n
D egrees
o f
Freedom
Mean
Square
V a r ia n c e
( 1 )
R a tio
( 4
F u n g i 11 )
)
)T re e s 5
S o i l 1 i
) 14 .80
S o i l  x  F u n g i 11 .864 1 .5 2  NS ) * * *
S o i l  x  T re e s 5 .269 6 .4 4 * * * 1
)
)T re e s  X F u n g i 55 .2 5 0 5 .9 9 * * *
R e s id u a l 702 .042
* * *  S ig n i f i c a n t  a t  th e  0.1°/o l e v e l .
NS N o t S ig n i f i c a n t
(1 )  V a r ia n c e  R a t io .  1 s t O rd e r I n te r a c t io n / R e s id u a l
(2 )  V a r ia n c e  R a t io .  M ain E f f e c t s  + 1 s t O rd e r I n t e r a c t io n s
com pared w ith  th e  R e s id u a l
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Ph.cinnamomi (A1 and A2 isolates), Pin. cryptogea and Ph. drechsleri 
(Northern, A1 and A2 isolates) caused considerable loss in both 
soils and for most tree species (Fig. 3.1). The Fusarium spp. 
and Ph. nicotianae var. parasitica exhibited limited pathogenicity.
The Least Significant Difference (LSD 5°/0) was used to 
test for significant differences between soils for individual 
fungi (Fig. 3.1). It confirmed observations that all three isolates 
of Ph. drechsleri demonstrated an increased pathogenicity in the 
soil normally supporting Eucalyptus cypellocarpa.
Significant differences between fungal treatments for a 
particular tree species are considered. Table 3.2 has been con­
structed using the LSD 5% shown in Figs. 3.2 and 3.3. Loss 
attributable to pre-emergence damping-off depended upon tree species. 
Eucalyptus maculata offered some resistance to infection by most 
organisms. Ph. cryptogea and Ph. drechsleri (A2 Southern) were the 
only organisms to cause significant pre-emergence damping-off in this 
species.
3.3.2 Post-Emergence Damping-Off
The data show that the Proportion of Seedlings Killed* 
varied significantly with change in pathogen, soil and tree species 
(Table 3.3). Again two of the three first order interactions are 
significant viz., Soil x Tree and Tree x Fungi (Figs. 3.4, 3.5 and 3.6).
Post-emergence damping-off losses were less for Eucalyptus 
maculata (Fig. 3.4) than for any of the other Eucalyptus spp. used.
Further consideration of the Soil x Tree interaction 
(Fig. 3.4) is not warranted. The non-orthogonal nature of the
analysis make other comparisons of limited use
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Loss caused by p o s t-e m e rg e n ce  dam ping—o f f  v a r ie d  w ith  
p a th o g e n  and t r e e  s p e c ie s  (F u n g i x T ree  I n t e r a c t io n ,  F ig s ,  3 .5  and 3 . 6 ) .  
T a b le  3 .4  has been c o n s t ru c te d  u s in g  th e  LSD 5°/o shown on th e s e  
g ra p h s . E u c a ly p tu s  m a c u la ta  d id  n o t show any s i g n i f i c a n t  lo s s  fro m  
p o s t-e m e rg e n ce  d a m p in g -o f f  by any o rg a n is m .
W ith  fe w  e x c e p t io n s  F u sa riu m  s p p . ,  Ph. n ic o t ia n a e  v a r .  
p a r a s i t i c a  and P . i r r e g u lä r e  d id  n o t cause p o s t-e m e rg e n ce  d am p ing - 
o f f  i n  m ost E u c a ly p tu s  s p p .
The o rg a n is m s  used to  in o c u la te  th e  s o i l s  were re c o v e re d  
fro m  th e  s o i l  w a te r .  R ecove ry  o f  th e  o rg a n ism  used in  th e  o r i g i n a l  
in o c u la t io n  fro m  p la t in g s  o f  r o o t  p ie c e s  was le s s  s u c c e s s fu l th a n  
u n d e r th e  s t e r i l e  c o n d i t io n s  d e s c r ib e d  in  C h a p te r 2 .
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TABLE 3 .4  LSD 5°/0 Used to  Compare th e  E f f e c t  o f  th e
In t ro d u c e d  Fungus w i th  th e  C o n t ro l  f o r  I n d iv id u a l  
T re e  S p e c ie s . Summary o f  F ig s .  3 .5  and 3 .6  
(P os t-E m e rg e n ce  D a m p in g -O ff)
F u n g a l S p e c ie s
Ll  I CL
T ree  S p e c ie s
E . v im in a l is
E . c y p e llo c a rp a  
E . m a c u la ta
N = T re a tm e n t w i th  th e  in t ro d u c e d  fu n g u s  n o t s i g n i f i c a n t l y  
d i f f e r e n t  fro m  th e  c o n t r o l  a t  th e  5°/o l e v e l .
*  = T re a tm e n t s i g n i f i c a n t l y  d i f f e r e n t  fro m  th e  c o n t r o l  
a t  th e  5% l e v e l .
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CHAPTER 4
THE INFLUENCE OF SOIL-BORNE PATHOGENS ON PATHOGENICITY
4 .1  INTRODUCTION
The d a ta  p re s e n te d  in  C h a p te r 3 in d ic a te d  t h a t  u n d e r th e  
e x p e r im e n ta l c o n d i t io n s  th e n  used , th e  n a tu r a l  b i o t i c ,  c h e m ic a l 
and p h y s ic a l  com ponents o f  th e  s o i l s  d id  n o t d e t r a c t  fro m  o r  enhance 
th e  p a th o g e n ic i t y  o f  any fu n g u s  on any t r e e  s p e c ie s ,  w i th  th e  
e x c e p t io n  o f  Ph. d r e c h s le r i  and Ph. n ic o t ia n a e  v a r . p a r a s i t i c a .
B ro a d b e n t and B ake r (1 9 7 4 ) have in d ic a te d  t h a t  some s o i l s  
a re  s u p p re s s iv e  and o th e rs  c o n d u c iv e  to  r o o t  r o t  by P h . c in n a m o m i. 
Hence, th e  e x is te n c e  o f  P h y to p h th o ra  o r  P y th iu m  s p p . w i t h in  a f i e l d  
s o i l  m ig h t be a s s o c ia te d  w i t h  d i f f e r e n c e s  in  r e c e p t i v i t y  o f  t h a t  
s o i l  to  an in t ro d u c e d  s p e c ie s ,  e i t h e r  i d e n t i c a l  o r  r e la te d  to  t h a t  
o r i g i n a l l y  o c c u r r in g .
T h is  s tu d y  exam ines th e  p a th o g e n ic i t y  o f  a number o f  fu n g i  
in t ro d u c e d  in t o  th re e  s o i l s  t h a t  w ere known t o  be d i f f e r e n t  in  re s p e c t  
to  th e  P h y to p h th o ra  s p p . n a t u r a l l y  c o n ta in e d  w i t h in  them .
The e f f e c t  o f  aqueous e x t r a c t s  from  d i f f e r e n t  s o i l s  on 
s p o ra n g ia l fo rm a t io n  o f  th e  P h y to p h th o ra  s p p . was a ls o  s tu d ie d .
4 .2  MATERIALS AND METHODS 
4 . 2 . 1  The S o i l
T h ree  s o i l s  w ere used in  t h i s  s tu d y :
1 . a r a in  f o r e s t  s o i l  from  s o u th e rn  New S ou th  W a les , n e a r
Wonboyn.
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2 . a s o i l  known to  c o n ta in  Ph. c in n a m o m i, from  Backhouse 
C re e k , n e a r Batemans Bay, New S ou th  W a les .
3 .  a s o i l  known to  c o n ta in  Ph. d r e c h s le r i , from  T a lla g a n d a  
S ta te  F o re s t ,  n e a r C a p ta in s  F la t ,  New S ou th  W a les .
A l l  th re e  s o i l s  w ere b a ite d  u s in g  New Z e a la n d  b lu e  lu p in s ,  a c c o rd in g  
to  th e  m ethod o f  P r a t t  and H e a th e r (1 9 7 2 ) .  A ls o  th e  d i l u t i o n  p la te  
and s o i l  p la te  m ethods o f  i s o la t i o n  (u s in g  b o th  th e  medium o f  E c k e r t  
and Tsao (1 9 6 2 ) and 2% w a te r  s tre p to m y c in  (5 0  ppm) a g a r )  w ere used 
to  a s c e r ta in  th e  p re se n ce  o f  Ph. c innam om i and Ph. d r e c h s le r i .
P h . c innam om i and Ph. d r e c h s le r i  w ere  is o la te d  from  th e  
Backhouse C reek and T a lla g a n d a  s o i l s ,  r e s p e c t iv e ly .  They were 
th e  o n ly  tw o P h y to p h th o ra  s p p . is o la t e d ,  t h e i r  i s o la t i o n  b e in g  
a c h ie v e d  o n ly  by th e  use o f  th e  lu p in  b a i t in g  te c h n iq u e .
4 .2 .2  The F unga l S p e c ie s
The f o l lo w in g  f u n g i  were s e le c te d  f o r  f u r t h e r  s tu d y .  
P h y to p h th o ra  c innam om i A1 
P h y to p h th o ra  c innam om i A2 
^ P h y to p h th o ra  d r e c h s le r i  (N o r th e rn )
P h y to p h th o ra  d r e c h s le r i  A1 
* P h y to p h th o ra  d r e c h s le r i  A2 (S o u th e rn )
P h y to p h th o ra  n ic o t ia n a e  v a r .  p a r a s i t i c a  A1 
P h y to p h th o ra  n ic o t ia n a e  v a r .  p a r a s i t i c a  A2 
The so u rce  o f  each i s o la t e  i s  d e ta i le d  in  T a b le  2 .1 .
*T h e  Ph. d r e c h s le r i  i s o la t e s  w ere ty p e d  a c c o rd in g  t o  th e  c a te g o r ie s
o f  S hepherd and P r a t t  (1 9 7 3 ) .
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T y p in g  o f  a l l  A1 and A2 c u l t u r e s  was u n d e rta k e n  by p a i r in g  
w i th  r e fe re n c e  c u l t u r e s  o f  th e  o p p o s ite  s t r a in  o f  each s p e c ie s .
P lu g s  o f  each c u l t u r e ,  grown on V8 a g a r , w ere p la c e d  2 cm. a p a r t  on a 
V8 a g a r p la t e  and th e  p a ire d  c u l t u r e s  in c u b a te d  a t  25°C . When 
th e s e  c u l t u r e s  had grow n to g e th e r ,  th e  a re a  in  w h ich  th e  u n io n  had 
i n i t i a l l y  o c c u rre d  was exam ined f o r  th e  p re se n ce  o f  o o s p o re s .
4 .2 .3  The T ree  S p e c ie s
The s p e c ie s  s e le c te d  were -  
E u c a ly p tu s  c y p e l lo c a rp a  
E u c a ly p tu s  g ra n d  i s  
E u c a ly p tu s  m a c u la ta  
E u c a ly p tu s  p i l u l a r i s  
E u c a ly p tu s  s i e b e r i  
E u c a ly p tu s  v im in a l i s
Seed l o t  and so u rce  o f  each s p e c ie s  a re  d e ta i le d  in  T a b le  2 .3 .
4 .2 .4  E x p e r im e n ta l P ro ce d u re
4 .2 .4 .1  E x p e rim e n t 1 . The in f lu e n c e  o f  in d ig e n o u s  s o i l - b o r n e
p a th o g e n s  on th e  p a th o g e n ic i t y  o f  in t ro d u c e d  
s p e c ie s
P re p a ra t io n  o f  th e  in o c u lu m , seed and t r a y s  w ere as d e s c r ib e d  
in  S e c t io n  2 .2 .  The e x p e r im e n ta l p ro c e d u re  was t h a t  d e s c r ib e d  in  
S e c t io n s  2 .2 .6  and 3 .2 .4  w i th  th e  f o l lo w in g  m o d i f ic a t io n s .
Each t r e a tm e n t  ( in t r o d u c t io n  o f  a fu n g u s )  was d u p l ic a te d ,  
and w i t h in  each t r e a tm e n t  th e  number o f  cups o f  each t r e e  s p e c ie s  
re d u ce d  from  7 to  3 .  A l lo c a t io n  o f  t re a tm e n ts  t o  t r a y s  was
c o m p le te ly  ra n d o m ise d .
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At the conclusion of the experiment, the soils were baited 
using the method of Pratt and Heather (1972). Platings of roots 
of seedlings, from both dead and living plants, were made on both 
the medium of Eckert and Tsao (1962) and 2% water streptomycin 
(50 ppm.) agar.
Isolates recovered were identified. The mating strains 
were determined using the technique described in Section 4.2.1.
4.2.4.2 Experiment 2 . The effect of soil extract on sporangial
formation
Each species described in Section 4.2.1 was grown on V8 
agar plates, for 3 days at 25°C. From the extremities of each fungal 
culture 30 plugs were cut and 5 plugs were placed in each of 6 petri 
dishes.
Soil extracts were prepared by placing 200 gm. of soil 
in a flask with 1.5 1. of glass distilled water, thoroughly mixing 
and then allowing it to incubate at 25°C. for 24 h. The super­
natant in each flask was filtered under suction through Whatman 
No. 1 filter paper.
To each of the prepared petri dishes was added 20 ml. of 
the filtered soil extract. For each fungus in each soil extract
two plates were allocated. The plates were incubated at 25°C.
The mean number of sporangia formed by each isolate, in 
each of the soil extracts, was assessed at 12 h. and 24 h. Assessment 
of sporangial production was based on the categories described by 
Shirley (1970).
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4.2.5 Statistical Analysis
4.2.5.1 Experiment 1 .
A three factor orthogonal analysis was carried out on both
variables,
1. Number of Seedlings Emerged (Pre-Emergence Damping-Gff) 
being transformed using a square root transformation; and
2. Proportion of Seedlings Killed (Post-Emergence Damping-Gff) 
being transformed using the arcsine transformation mentioned 
in Section 2.2.6.
In this experiment there was both external and internal replication 
and the design was completely randomised. Each variable was con­
structed as the mean of the three transformed internal replicates.
4.2.5.2 Experiment 2 .
A two way Analysis of Variance with two replicates per 
cell was performed on the data, with the error mean square used to 
test the interaction.
4.3 RESULTS
4.3.1 Experiment 1 .
4.3.1.1 Pre-Emergence Damping-Off
The data show that the number of seedlings emerged varied 
significantly with change in pathogen, soil and tree species. All 
three first order interactions are significant for 'Number of Seedlings 
Emerged' (Table 4.1). The original data may be found in Appendix 3 
and the transformed data for the first order interactions are pre­
sented graphically in Figs. 4.1 - 4.4.
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TABLE 4 .1  A n a ly s is  o f  V a r ia n c e  f o r  Number o f  S e e d lin g s  
Emerged (P re -E m ergence  D a m p in g -O ff)
S o u rce  o f  V a r ia t io n
D egrees
o f
Freedom
Mean
Square
V a r ia n c e
R a t io
S o i l 2 5 .9 3 17.41
F u n g i 7 3 0 .6 3 8 9 .9 4  * * *
T ree 5 41 .64 122 .2 7  * * *
S o i l  x F u n g i 14
C
M
C
M 3 .5 8  * * *
S o i l  x T ree 10 1 .43 4 .21  * * *
F u n g i x T re e 35 1 .46 4 .2 9  * * *
S o i l  x F u n g i x T ree 70 0 .3 4 1 .00  NS
R e fe re n ce 144 0 .3 4
* * *  S ig n i f i c a n t  a t  th e  0 .1  °/o l e v e l .  
NS Not S ig n i f i c a n t .
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TABLE 4.2 Effect of Soil Type on Seedling Emergence.
Using the LSD 5% Shown for Soil x Tree 
Interaction a Comparison Between Soils 
was Made
Tree Species SoilWonboyn Backhouse Ck. Tallaganda
E. pilularis - * N.S.
E. sieberi - N.S. N.S.
E. viminalis - N.S. *
E. cypellocarpa - *
E. grandis - * N.S.
E. maculata — N.S. N.S.
N.S. Not significantly different from the Wonboyn soil 
at the 5% level.
* Significantly different from the Wonboyn soil at 
the 5% level.
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TABLE 4 .3  LSD 5% was Used to  Compare, W ith in  a S o i l ,  th e  
E f f e c t  o f  In tro d u c e d  F u n g i on th e  Number o f  
S e e d lin g s  Emerged (P re -E m ergence  D a m p in g -O ff) .  
T h is  T a b le  i s  a Summary o f  th e  S o i l  x F u n g i 
I n t e r a c t io n  F ig .  4 . 2 .
F unga l S p e c ie s S o i l
Wonboyn Backhouse C k . | T a lla g a n d a
P h . n ic o t ia n a e N N a-
v a r .  p a r a s i t i c a  A2
Ph. d r e c h s le r i a- a- a-
( N o rth e rn  J
Ph. c innam om i A1 a- a- a-
Ph. d r e c h s le r i  A1 a- -Sf a-
P h . c innam om i A2 a- N a-
Ph. d r e c h s le r i  A2 a- a- a-
P h . n ic o t ia n a e N N N
v a r .  p a r a s i t i c a  A1
N = Not s i g n i f i c a n t l y  d i f f e r e n t  from  th e  c o n t r o l  a t  th e  
5% l e v e l .
*  = S i g n i f i c a n t l y  d i f f e r e n t  a t  th e  5% l e v e l .
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The d i s p a r i t y  in  num bers o f  s e e d lin g s  emerged between 
each t r e e  s p e c ie s  in  th e  c o n t r o l  s e r ie s  and a ls o  d i f f e r e n c e s  in  
v i a b i l i t y  s u g g e s t t h a t  i t  i s  n o t r e a l i s t i c  to  com pare d i r e c t l y  t r e e  
s p e c ie s .  C om parisons a re  th e r e fo r e  r e s t r i c t e d  to  w i t h in  t r e e  
s p e c ie s .
The d a ta  f o r  th e  e f f e c t  o f  s o i l  on s e e d lin g  em ergence i s  
sum m arized in  T a b le  4 . 2 .  The em ergence o f  s e e d lin g s  in  each o f  th e  
s o i l s  i s  com pared to  t h a t  a c h ie v e d  in  th e  Wonboyn s o i l ,  f o r  each t r e e  
s p e c ie s .  The o c c u rre n c e  o f  Ph. c innam om i and P h . d r e c h s le r i  in  
th e  Backhouse C reek and T a lla g a n d a  s o i l s  was n o t  a s s o c ia te d  w ith  
change in  th e  a c t io n  o f  in t ro d u c e d  f u n g i  on s e e d lin g  em ergence to  
a d e g re e  where some o b v io u s  p a t te r n  i s  d is c e r n a b le .  R e d u c tio n  in  
em ergence c a n n o t be r e la t e d  t o  th e  r e l a t i v e  s u s c e p t i b i l i t i e s  o r  
to le r a n c e s  o f  i n d iv id u a l  t r e e  s p e c ie s .
The v a r ia t i o n  a t t r i b u t a b le  to  th e  S o i l  x F u n g i i n t e r a c t io n  
( F ig .  4 . 2 ,  T a b le  4 . 3 ) ,  c o v e rs  th e  c o m p le te  ra n g e  o f  t r e e  s p e c ie s  
u s e d . C om parison between fu n g i  i s  th e r e fo r e  p o s s ib le .  The a d d i t io n  
o f  Ph. d r e c h s le r i  (N o r th e rn ,  A1 and A2 is o la t e s )  and Ph. c innam om i 
(A1 is o la t e )  s i g n i f i c a n t l y  re d u ce d  th e  emergence o f  s e e d lin g s  in  
a l l  s o i l s .  Ph. c innam om i (A2 is o la t e )  s i g n i f i c a n t l y  reduced  s e e d lin g  
em ergence in  th e  Wonboyn and T a lla g a n d a  s o i l s .
The A1 and A2 is o la t e s  o f  Ph. n ic o t ia n a e  v a r .  p a r a s i t i c a  
d id  n o t  s i g n i f i c a n t l y  re d u c e  th e  emergence o f  s e e d lin g s  o f  any 
E u c a ly p tu s  sp p . in  any o f  th e  s o i l s ,  w i t h  th e  e x c e p t io n  o f  th e  A2 
i s o la t e  in  th e  T a lla g a n d a  s o i l .  In  th e  e x c e p t io n a l c a s e , th e  
s i g n i f i c a n t  r e d u c t io n  in  s e e d lin g  emergence s h o u ld  p ro b a b ly  be a t ­
t r i b u t e d  t o  an u n e x p la in e d  g r e a te r  a c t i v i t y  o f  th e  in d ig e n o u s
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Ph. drechsleri in that soil, as that fungus was the only Phytophthora 
spp. isolated from diseased material (Table 4.4).
The conclusion that Ph. nicotianae var. parasitica is 
not pathogenic under the experimental conditions is supported by the 
fact that this species was only once isolated from diseased plants 
in the relevant series (Table 4.4). All other plants killed in 
those series yielded the indigenous pathogen.
Comparisons between fungi for a particular tree species 
can be made for the Fungi x Tree interaction from the LSD's 5% given 
in Figs. 4.3 and 4.4. These are summarized in Table 4.5.
Isolates of Ph. drechsleri (Northern, A1 and A2) and Ph. 
cinnamomi (A1 and A2) significantly reduced the emergence of seedlings 
of most species and could be isolated from some dying seedlings 
(Table 4.4). The exceptions are detailed in Table 4.5.
4.3.1.2 Post-Emergence Damping-Off
The data showed that the 'Proportion of Seedlings Killed' 
varied significantly with change in pathogen, soil and tree species. 
Two of the three first order interactions viz., Soil x Tree and Soil x 
Fungi, are significant (Table 4.6). The two latter are plotted in 
Figs. 4.5 and 4.6 respectively.
Post-emergence deaths were more numerous for most species 
in the Wonboyn soil (Fig. 4.5). This can be attributed to either 
the presence of some stimulatory factor in the Wonboyn soil which 
enhanced the activity of the introduced pathogen or alternatively 
there may have been present in the Backhouse Creek and Tallaganda 
soils factors which inhibited the action of the introduced pathogen, 
resulting in a reduction of post-emergence deaths.
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TABLE 4 . 5  W ith in  T ree  S p e c ie s  Com parison o f  th e  E f f e c t s  o f  
a  Range o f  Fungal S p e c ie s  on S e e d l in g  Em ergence. 
C om parisons  Made U sing  t h e  LSD 5% Shown f o r  t h e  
F u n g i  x T ree  I n t e r a c t i o n  F i g .  4 . 3  and 4 . 4
F unga l S p e c ie s
CM<
CM<
Q) •H •H •H CD
CO CM P •H p p CO
i_ c l CD F CD F CD !Z <
CO 1-- 1 n 1-- 1 n 1-- 1 CO
•H CO co ---- % E CO E CO ■H CO
- p o j z C CO JZ CO JZ - p oo •H n P c n c Ü o •H
Ü - P co m c CD c CD o - p
•H •H in JZ •H P •H P •H •H
c co T J - p o T O o T3 c CO
CO P CO• P • o • • • ■ • Sh
-C co c r r J Z JZ CO
0 - q 0 - Q - Q - 0 -
T re e  S p e c ie s  
_E. p i l u l a r i s  
E.  s i e b e r i  
E . v i m i n a l i s  
E. c y p e l l o c a r p a  
E. g r a n d i s  
E . m a c u la ta
N
N
N
N
N
N
* * N * N
*  *  *  *  |\j
* * * * |\j
*  *  *  *  l\l
* N N * N
N = Not s i g n i f i c a n t  a t  t h e  5°/o l e v e l .
* = For  t r e e  s p e c i e s ,  r e d u c t i o n  in  s e e d l i n g  em ergence  
when com pared t o  t h e  c o n t r o l  i s  s i g n i f i c a n t  a t  
t h e  5°/i l e v e l .
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The LSD 5°/o plotted in Fig. 4.6 was used to compare disease 
caused by various fungi with the controls, for a particular soil.
The results of these comparisons are summarized in Table 4.7.
With the exception of the two Ph. nicotianae var. parasitica 
isolates, all introduced Phytophthora spp. significantly increased 
the severity of post-emergence damping-off in the Tallaganda soil.
In the other soils, fewer Phytophthora spp. caused significant loss 
when compared with the controls.
All Eucalyptus spp. employed were susceptible to some degree 
to pre- and post-emergence damping-off by some fungi. Eucalyptus 
maculata was the species least affected by the fungi used.
Some of the organisms used to inoculate the soils were 
recovered using the lupin baiting technique of Pratt and Heather (1972).
4.3.2 Experiment 2 .
The main effects (Soil Extract and Fungi) and the inter­
action (Soil Extract x Fungi) are highly significant (Table 4.8). 
Appendix 5 details the mean class of sporangial formation for each 
replicate, of each fungus, in each of the soil extracts.
Soil extract has a differential effect on sporangial 
formation by Phytophthora spp. The number of sporangia formed varied 
between fungi for a given soil extract.
For all fungi, the number of sporangia was greater in 
the soil extract from the Wonboyn rain forest soil and least in 
the extract from the Tallaganda soil. Sporangial numbers were 
particularly small with isolates of Ph. cinnamomi (A1 and A2) and 
Ph. drechsleri (A1) in the Tallaganda soil extract.
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TABLE 4.6 Analysis of Variance for Proportion of
Seedlings Killed (Post-Emergence Damping-Off)
Source of Variation
Degrees
of
Freedom
Mean
Square Variance Ratio
Soil 2 0.895 48.72 ***
Fungi 7 0.248 13.48 ***
Tree 5 0.794 43.20 ***
Soil x Fungi 14 0.046 2.50 **
Soil x Tree 10 0.109 5.90 ***
Fungi x Tree 13 0.028 1 .55 N.S.
Soil x Fungi x Tree 70 0.019 1 .05 N.S.
Reference 144 0.018
*** Significant at the 0.1% level. 
** Significant at the 1% level.
NS Not significant.
P
ro
po
rt
io
n 
K
il
le
d 
(T
ra
ns
fo
rm
ed
 D
at
a)
67
1 .□
0 . 8
0.6
0 .4
0 .2
1H  Wonboyn S o il
Backhouse C reek S o il
I iTallacranda S o il
LSD 5%
to
a
Sh
t o if) CD
•H •H o
•H rH o CO
CO Sn cd i— i •H
rH CD c rH T3
3 A •H (D C
i— 1 m a CO
•H •H >s Sh
a cn > Ü O)
. • ■ .
ÜJ ÜJ i i i ÜJ LU
T ree  S p e c ie s
FIG. 4 .5  P ro p o r t io n  o f  S e e d lin g s  K i l le d .  S o i l  x T ree
I n te r a c t io n
m
ac
ul
at
a
P
ro
p
o
rt
io
n
 
K
il
le
d
 
(T
ra
ns
fo
rm
ed
 
D
at
a)
68
■ i  Wonboyn S o i l
VC' Backhouse C reek  S o i l
I 1 T a lla g a n d a  S o i l
C\J
<
<
< 8! 8!
<
0  CÖ •H •H •H 0  0
cd o Li •H Lh •H Lh Cd Ü
C *H 0 E 0 E 0 C *H
cd -p rH C O 1—1 O rH 0  -P
•H *H cn  Lh E 0 E 0 •H *H
4-> Cd J Z  CD cd JZ cd JZ -P 0
O Cd Ü JZ c Ü c Ü O 0
1—1 U Li CD -P c 0 z 0 o ho •H cd Li Lh ■H Lh •H Li ‘H 0
u c  a T5 O O TJ O TJ c  a
■P 2 ■
c • Lh • • • • • Lio j z  cd sz JZ sz JZ JZ JZ 0
CJ a .  > Q. CL CL Q_ CL Q- >
Fungus S p e c ie s
FIG. 4 .6  P r o p o r t io n  o f  S e e d lin g s  K i l l e d .  
I n t e r a c t i o n
S o i l  x F u n g i
69
TABLE 4.7 LSD 5% was Used to Compare, Within a Soil, the 
Effect of Introduced Fungi on the Proportion of 
Seedlings Killed (Post-Emergence Damping-Off). 
This Table is a Summary of the Soil x Fungi 
Interaction Fig. 4.6
Fungal Species SoilWonboyn Backhouse Ck. Tallaganda
Ph. nicotianae 
var. parasitica A2
N N N
Ph. drechsleri 
"["Northern J
N * -K-
Ph. cinnamomi A1 N *
Ph. drechsleri A1 * N *
Ph. cinnamomi A2 * N *
Ph. drechsleri A2 N N *
Ph. nicotianae 
var. parasitica A1
N N N
N = Not significantly different from the control at 
the 5% level.
* = Significantly different at the 5°/o level.
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TABLE 4.8 Analysis of Variance for the Effect of Soil 
Extract on Sporangial Formation
Source of Variation
Degrees
of
Freedom
Mean
Square Variance Ratio
Fungi 8 5.76 62.18 ***
Soil Extract 2 7.27 78.54 ***
Fungi x Soil Extract 16 0.77 8.35 ***
Error 27 0.09
*** Significant at the 0.1% level.
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CHAPTER 5
GENERAL DISCUSSION
The e x p e r im e n ts  d e s c r ib e d  in  C h a p te r 2 , in v e s t ig a te  th e  
in t e r a c t io n  between fu n g i  and s e e d lin g s  when th e  b io lo g ic a l  f a c to r s  
a re  reduced  t o  a m inim um . The in t ro d u c e d  fu n g u s  fa c e s  few  i f  any 
a n ta g o n is ts  and th e  h o s t g row s in  a s o i l  e n v iro n m e n t r e l a t i v e l y  f r e e  
from  o th e r  s t im u la to r y  o r  i n h i b i t i n g  m ic ro -o rg a n is m s . The 
in t ro d u c e d  fu n g u s  i s  th u s  l i k e l y  to  th e n  cause  th e  maximum d is e a s e  o f  
w h ich  i t  i s  c a p a b le ,  w i t h in  th e  p h y s ic a l  and c h e m ic a l l i m i t s  im posed 
by th e  s y s te m .
In  th e s e  e x p e r im e n ts ,  s p e c ie s  o f  P h y to p h th o ra , P y th iu m  
and F usarium  d i f f e r e d  in  t h e i r  c a p a c i ty  t o  cause d is e a s e  (P la te s  1 
and 2 ) .  I s o la t e s  o f  Ph. c in n a m o m i, Ph. c i t r i c o l a , Ph. c ry p to g e a ,
P h . d r e c h s le r i  and Ph. n ic o t ia n a e  v a r .  p a r a s i t i c a  caused e x te n s iv e  
p r e -  and p o s t-e m e rg e n ce  d a m p in g -o f f  in  m ost E u c a ly p tu s  and P in u s  s p p . 
t e s t e d .
P. ?a c a n th ic u m , P. ?a c a n th o p h o ro n , P .? d e l ie n s e , P. i r r e g u lä r e , 
P. m y r io ty lu m , P. s p le n d e n s  and s e v e ra l unknown P y th iu m  sp p . caused 
s e v e re  p re -e m e rg e n ce  d a m p in g -o f f  in  m ost E u c a ly p tu s  s p p . ,  b u t o n ly  
a few o f  th e s e  s p e c ie s  caused p re -e m e rg e n ce  d a m p in g -o f f  in  P in u s  sp p . 
(T a b le  2 . 5 ) .  T h e ir  a b i l i t y  to  cause p o s t-e m e rg e n ce  d a m p in g -o f f  was 
v a r ia b le  and an in d ic a t io n  o f  g e n e ra l t r e n d s  w ou ld  o v e r s im p l i f y  th e  
s i t u a t i o n .  C o n s id e ra t io n  o f  i n d iv id u a l  h o s t - fu n g u s  in t e r a c t io n s  
i s  n e c e s s a ry  (T a b le  2 . 7 ) .
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Control
Phi cinnamomi A1
Phi cinnamomi A2
Ph. drechsleri A1
Ph. drechsleri 
(Northern]
Ph. drechsleri A2 
[Southern]
Phi nicotianae 
var. parasitica
Ph. citricola
P. ultimum war. 
sporangiferum
P. irreguläre
P. ?acanthophoron
P» ?acanthicum
E. pilularis.
PLATE 1 Pathogenicity of a range of soil-borne pathogens on 
E. pilularis grown in steam-air-treated sand. This 
species is classified as being Susceptible to the 
pathogen Ph. cinnamomi (Pratt & Heather, 1973a).
73
Control
Ph. cinnamomi A1
Ph. cinnamomi A2
Ph. drechsleri A1
Ph. drechsleri 
(Northern J
Rn. drechsleri A2 
[Southern]
Ph. nicotianae 
var. parasitica
Ph. citricola
P. ultimum var. 
sporangiferum
P. irreguläre
P. ?acanthophoron
P. ?acanthicum
PLATE 2 Pathogenicity of a range of soil-borne pathogens on 
E. maculata grown in steam-air-treated sand. This 
species is classified as being Resistant to the 
pathogen Ph .cinnamomi (Pratt & Heather, 1973,a).
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The d a ta  in d ic a te  t h a t  f u n g i  c a u s in g  p re -em ergen ce  d a m p in g - 
o f f  do n o t n e c e s s a r i ly  cause p o s t-e m e rg e n ce  d a m p in g -o f f  (T a b le s  2 .5  
and 2 . 7 ) .  Such a c o n c lu s io n  may, how eve r, be e rro n e o u s  as d a ta  
f o r  p o s t-e m e rg e n ce  d a m p in g -o f f  a re  l im i t e d  (T a b le  2 . 7 ) ,  many o rg a n is m s  
h a v in g  c o m p le te ly  p re v e n te d  th e  em ergence o f  some h o s t s p e c ie s .
H o s ts  d i f f e r e d ,  in  g e n e ra l and to  s p e c i f i c  f u n g i ,  in  t h e i r  
s u s c e p t i b i l i t y  t o  fu n g a l a t t a c k .  B o th  E u c a ly p tu s  and P in u s  s p p . 
were more s u s c e p t ib le  to  a t t a c k  by P h y to p h th o ra  sp p . th a n  to  e i t h e r  
P y th iu m  o r  F usa rium  s p p . A l l  h o s ts  were s u s c e p t ib le  to  some d e g re e  
to  some fu n g i  b u t E u c a ly p tu s  m a c u la ta  was o u ts ta n d in g  in  i t s  o v e r a l l  
r e s is ta n c e .  P r a t t  and H e a th e r  (1 9 7 3 a ) have c l a s s i f i e d  E u c a ly p tu s  
sp p . i n t o  f o u r  c la s s e s  a c c o rd in g  to  t h e i r  f i e l d  r e s is ta n c e  to  th e  
d is e a s e  a s s o c ia te d  w i th  Ph. c in n a m o m i:
H ig h ly  S u s c e p t ib le :  E . m a rg in a ta , E . re g n a n s , E . s ie b e r i
S u s c e p t ib le :  E. p i l u l a r i s
T o le r a n t :  E . v im in a l i s
R e s is ta n t :  E . c y p e l lo c a r p a , E . g r a n d is , E . m a c u la ta
The r e s u l t s  now p re s e n te d  (T a b le s  2 .5  and 2 . 7 )  f o r  o th e r  f u n g i  
in d ic a te  t h a t  th e  p r e -  and p o s t-e m e rg e n ce  d a m p in g -o f f  re s p o n s e s  a re  
v a r ia b le  so t h a t  a g e n e ra l c l a s s i f i c a t i o n  o f  s u s c e p t i b i l i t y  to  a ra n g e  
o f  f u n g i  w ou ld  have a l im i t e d  v a lu e .
F u r th e r ,  u n d e r one s e t  o f  c o n d i t io n s  a fu n g u s  may be more 
p a th o g e n ic  th a n  u n d e r o th e r s ,  th e  t e s t  c o n d i t io n s  may be o p t im a l f o r  
one o rg a n ism  and n o t a n o th e r .  T e m p e ra tu re  has a d i f f e r e n t i a l  
e f f e c t  on d is e a s e  s e v e r i t y  (Thom son, Athow and L a v io le t t e ,  1 9 7 1 ) .
I t  has a ls o  been shown t h a t  p re -e m e rg e n ce  in f e c t io n  i s  m ost s e v e re
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a t  te m p e ra tu re s  t h a t  a re  r e l a t i v e l y  le s s  fa v o u ra b le  to  th e  h o s t th a n  
to  th e  pa thog en  (L e a c h , 1 9 4 7 ). T here  a re  o th e r  fa c to r s  t h a t  a re  
e q u a l ly  im p o r ta n t .  G r i f f i n  (1 9 5 8 ) has shown t h a t  th e  change o f  
in c id e n c e  o f  d a m p in g -o f f  w i th  change in  s o i l  pH i s  s t r o n g ly  n e g a t iv e ly  
c o r r e la te d  w ith  change in  g ro w th  r a te  o f  th e  h o s t .
Where p a th o g e n e s is  has n o t been shown, an a d d i t io n a l  o rg a n ism  
may be r e q u ir e d  to  i n i t i a t e  s u i t a b le  in f e c t io n  c o n d i t io n s .  Such 
syn e rg is m  in  th e  n a tu r a l  system  may be more im p o r ta n t  th a n  has been 
in d ic a te d  in  th e  p a s t .  S yne rg ism  o c c u rs  w i t h in  fu n g a l g e n e ra  
( P y th ium  co m p le xe s , (H e n d r ix  and C a m p b e ll, 1 9 7 0 ) ) ,  between g e n e ra  
( P y th iu m -F u s a r iu m  com p lexes  o f  a g r i c u l t u r a l  c ro p s  ( K e r r ,  1963; P r a t t ,  
1965; F ra n k , 1 9 7 2 ) ) ,  and between nem atodes and fu n g i  (R u e h le , 1 9 7 3 ).
D i f f e r e n t  i s o la t e s  o f  th e  same fu n g a l s p e c ie s  v a r ie d  in  
t h e i r  p a th o g e n ic  s p e c tru m . Ph. d r e c h s le r i  (N o r th e rn ,  A1 and K93 
is o la t e s )  caused p o s t-e m e rg e n ce  lo s s  in  E u c a ly p tu s  m a c u la ta , b u t 
is o la t e s  (J 8  and J1 5 ) d id  n o t  cause a s im i la r  lo s s  (T a b le  2 . 7 ) .  
E x a m in a tio n  o f  t h i s  t a b le  and T a b le  2 .5  p ro v id e s  f u r t h e r  s im i la r  
in s ta n c e s .  Some fu n g i  te s te d  he re  and fo u n d  n o t to  be p a th o g e n ic ,  
have been shown by o th e r  w o rk e rs  t o  be p a th o g e n ic  u n d e r s im i la r  t e s t  
c o n d i t io n s .  Thus, Oxenham and W inks (1 9 6 3 b ) have shown t h a t  
P. u lt im u m  was h ig h ly  p a th o g e n ic  on P in u s  r a d ia t a , c a u s in g  e x te n s iv e  
p o s t-e m e rg e n ce  lo s s e s  and t h a t  P. s p le n d e n s  was p a th o g e n ic  on 
P in u s  e l l i o t t i i  in  t h e i r  e x p e r im e n ts .  The l i t e r a t u r e  c o n ta in s  
r e p o r t s  o f  F . oxysporum  b e in g  p a th o g e n ic  on some s p e c ie s  and n o t  on 
o th e r s ,  th e re  a re  a ls o  r e p o r t s  o f  v a r ia t io n  in  th e  d e g re e  o f  p a th o ­
g e n ic i t y  between is o la t e s  o f  F usa rium  s p p . (Oxenham and W inks, 1963b; 
Edmonds and H e a th e r , 1 9 7 3 ).
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C h a p te r 3 in t r o d u c e s  a new v a r ia b le ,  th e  m ic r o b ia l  papu­
l a t i o n  e x is t in g  in  each o f  th e  two s o i l s .  The n a tu r a l  s o i l  m ic ro ­
f l o r a ,  in  c o n ju n c t io n  w i th  th e  p h y s ic a l and c h e m ic a l com ponents o f  
th e  s o i l ,  may a f f e c t  th e  a b i l i t y  o f  in t ro d u c e d  p a thog ens  to  cause 
d a m p in g -o f f  o f  s e e d lin g s  (Oxenham and W inks , 1963_b; V a a r ta ja ,  1 9 6 7 ).
In  th e s e  e x p e r im e n ts , n e a r ly  a l l  f u n g i  d e m o n s tra te d  s im i la r  a b i l i t i e s  
to  cause  p r e -  and p o s t-e m e rg e n ce  d a m p in g -o f f  to  th o s e  e s ta b l is h e d  in  
th e  e x p e r im e n ts  d e s c r ib e d  in  C h a p te r 2 ( P la te s  3 and 4 ) .
P h . n ic o t ia n a e  v a r .  p a r a s i t i c a  was th e  o n ly  e x c e p t io n ,  l i t t l e  d a m p ing - 
o f f  o c c u r r in g  in  e i t h e r  o f  th e  n o n - s t e r i le  s o i l s .
The p la n ts  grow n in  th e  s o i l  n o rm a lly  s u p p o r t in g  E u c a ly p tu s  
c y p e l lo c a rp a  were la r g e r  th a n  th o s e  grow n in  th e  s o i l  n o rm a lly  
s u p p o r t in g  E u c a ly p tu s  s ie b e r i  ( P la te s  3 and 4 ) .  T h is  can be 
a t t r i b u t e d  to  th e  h ig h e r  n i t r o g e n  and p h o sp h o ru s  c o n te n t  o f  th e  
fo rm e r  s o i l  (S e c t io n  3 . 2 . 1 ) .
C h a p te r 4 in t r o d u c e s  an a d d i t io n a l  v a r ia b le  to  th o s e  a lre a d y  
d is c u s s e d , th e  o c c u rre n c e  o f  a P h y to p h th o ra  s p . as a com ponent 
o f  th e  n a tu r a l  s o i l  m ic r o f lo r a  in  tw o o f  th e  th re e  s o i l s .
As in  th e  e x p e r im e n ts  d e s c r ib e d  in  C h a p te r 3 , Pin. n ic o t ia n a e  
v a r .  p a r a s i t i c a  caused l i t t l e  d is e a s e .  P re -em ergence  lo s s e s  caused 
by o th e r  P h y to p h th o ra  s p p . were s im i l a r  in  th e  Wonboyn, Backhouse 
C reek and T a lla g a n d a  s o i l s  (T a b le  4 . 3 ) .  No c o n s is te n t  p a t te r n  
o f  p o s t-e m e rg e n ce  d a m p in g -o f f  o c c u rre d  t h a t  w ou ld  in d ic a te  t h a t  
th e  p r i o r  p re se n ce  o f  P h y to p h th o ra  s p p . had a f fe c te d  d i r e c t l y  o r
i n d i r e c t l y  th e  p a th o g e n ic i t y  o f  in t ro d u c e d  is o la t e s .
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Control
F. moniliforme 
var. subglutinans
F. oxysporum
Ph. cryptogea J12
Ph. nicotianae 
vär. parasitica J18
P. ?acanthicum
Ph. drechsleri 
[Northern]
Ph. cinnamomi A1
Ph. drechsleri A1
P. irreguläre
Ph. cinnamomi A2
Ph. drechsleri A2
E. cypellocarpa
> /U'häl J S r
V t f » •l nwr i w g *  jL h vsv' •y'
f  r< ^q£*f ?Äii
PLATE 3 Pathogenicity of a range of soil-borne pathogens 
on E. cypellocarpa grown in soil normally 
supporting E. cypellocarpa.
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C o n t ro l
F . m o n il i fo rm e  
v a r .  s u b g lu t in a n s
F . oxysporum
Ph. c ry p to g e a  J12
Ph. n ic o t ia n a e  
v a r .  p a r a s i t i c a  J18
P. ? a ca n th icu m
P h . d r e c h s le r i  
[N o r th e rn ]
Ph. c innam om i A1
P h . d r e c h s le r i  A1
P. i r r e g u lä r e
P h . c innam om i A2
Ph. d r e c h s le r i  A2
PLATE 4 P a th o g e n ic i t y  o f  a ra n g e  o f  s o i l - b o r n e  p a th o g e n s  
on E . c y p e l lo c a rp a  grow n in  s o i l  n o rm a lly  
s u p p o r t in g  E . s i e b e r i .
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D ise a se  symptoms have been p roduced  on many o f  th e  h o s ts  
u n d e r each o f  th e  th re e  e x p e r im e n ta l c o n d i t io n s  u se d . R e p ro d u c tio n  
o f  d is e a s e  symptoms i s  in a d e q u a te  on i t s  own, th e  c a u s a l o rg a n ism  
m ust a ls o  be is o la t e d .  I s o la t i o n  o f  th e  o rg a n ism  used in  th e  
o r i g i n a l  in o c u la t io n  c o u ld  be a c h ie v e d  r e a d i l y  from  th e  r o o ts  o f  d y in g  
s e e d lin g s ,  u n d e r th e  e x p e r im e n ta l c o n d i t io n s  d e s c r ib e d  in  C h a p te r 2 . 
How ever, by in c lu d in g  e i t h e r  th e  n a tu r a l  m ic r o f lo r a  (C h a p te r  3 )  o r  
a P h y to p h th o ra  s p . and n a tu r a l  m ic r o f lo r a  (C h a p te r  4 )  as an a d d i t io n a l  
v a r ia b le  in  th e  t e s t  sys tem  th e  ease w i th  w h ich  th e  fu n g u s  used in  
th e  o r i g i n a l  in o c u la t io n  c o u ld  be re c o v e re d , was d e c re a s e d . In  t h i s  
l a t t e r  case  th e  n a tu r a l  p a th o g e n ic  com ponent o r  th e  in t ro d u c e d  
pa thogen  c o u ld  be re c o v e re d  fro m  th e  r o o ts  o f  o n ly  E u c a ly p tu s  
p i l u l a r i s , E u c a ly p tu s  s ie b e r i  and E u c a ly p tu s  v im in a l i s  s e e d l in g s .
I t  was more d i f f i c u l t  t o  i s o la t e  s o i l - b o r n e  p a th o g e n s  fro m  th e  r o o ts  
o f  p la n ts  c l a s s i f i e d  as b e in g  f i e l d  r e s is t a n t  by P r a t t  and H e a th e r 
(1 9 7 3 a ) .
The a b i l i t y  o f  i n d iv id u a l  s o i l s  to  in d u c e  s p o ra n g ia l fo rm ­
a t io n  and hence d is s e m in a t io n  o f  th e  pa thog en  i s  p o s s ib ly ,  a s ig ­
n i f i c a n t  f a c t o r  in  d e te rm in in g  d is e a s e  s e v e r i t y .  In  th e  e x p e r im e n t 
d e s c r ib e d  in  S e c t io n  4 . 3 . 1 . 2 ,  s p o ra n g ia l fo rm a t io n  was s tu d ie d  in  v a r io u s  
n o n - s t e r i le  aqueous s o i l  e x t r a c t s .  The a b i l i t y  o f  th e  s o i l s  to  in d u c e  
s p o ra n g ia l  fo rm a t io n  was v a r ia b le  (A p p e n d ix  4 ) ,  i s o la t e s  o f  Pin. 
c innam om i and Ph. d r e c h s le r i  (A1 ) p ro d u c in g  few  s p o ra n g ia  in  th e  
T a lla g a n d a  e x t r a c t .  The d i f f e r e n c e  may be a t t r i b u t a b le  to  th e  
d i f f e r e n t  m ic r o b ia l  p o p u la t io n  o f  th e  s o i l s ,  as s o i l  m ic ro -o rg a n is m s  
have been im p l ic a te d  in  in d u c in g  s p o ra n g ia l  fo rm a t io n  (M arx and 
H a a s is , 1965; Chee and Newhook, 1966; A ye rs  and Z e n tm ye r, 1 9 7 1 ) .
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In this project a number of other Phytophthora and Pythium 
spp. in addition to Ph. cinnamomi were shown to be pathogenic, 
causing pre- and post-emergence damping-off in many of the Eucalyptus 
and Pinus spp. used (Tables 2.5 and 2.7). Ph. drechsleri is 
frequently recovered from forest soils (Pratt and Heather, 1973b) 
and some isolates could be rated as being comparable in pathogenicity 
with Ph. cinnamomi. Some of the other organisms tested were also 
of comparable pathogenicity, but their rare isolation from forest 
soils suggests that they may not be important in determining the 
vegetational pattern of native communities.
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APPENDIX 5 MEAN CLASS OF SPORANGIA PER DISC
Funga l
S pecies R e p lic a te
S o i l  E x t ra c t
Wonboyn
Backhouse
Creek T a lla g a n d a
Ph. d r e c h s le r i a 4 .8 3 .8 4 .2
[N o rth e rn J b 4 .8 2 .8 3 .6
Ph. cinnamomi a 3 .2 3 .2 1 .2
A1 b 3 .2 3 .4 1 .8
Ph. d r e c h s le r i a 2 .2 1 .4 1 .0
A1 b 2 .4 1.2 1 .4
Ph. cinnamomi a 4 .4 4 .8 3 .2
A2 b 4 .6 4 .4 3 .6
Ph. d r e c h s le r i a 4 .2 3 .6 3 .0
A2 [S o u th e rn ] b 5 .0 3 .2 3 .8
Ph. n ic o tia n a e a 4 .4 5 .0 4 .4
v a r .  p a r a s i t ic a  A1 b 4 .8 5 .0 4 .0
Ph. n ic o tia n a e a 5 .0 4 .4 3 .8
v a r .  p a r a s i t ic a A2 b 5 .0 5 .0 4 .0
Ph. cinnamomi A2* a 4 .4 3 .6 1 .0
b 4 .4 4 .0 1 .0
Ph. d r e c h s le r i  A2*-*  a 4 .0 4 .2 3 .8
b 4 .0 3 .8 3 .6
*  Ph. cinnamomi is o la te  from  th e  Backhouse Creek S o i l
* *  Ph, d r e c h s le r i  is o la te  from  th e  T a lla g a n d a  S o i l
Each r e p l ic a te  i s th e  mean o f  f i v e  d is c s .
C la s s i f ic a t io n  o f  S po rang ia Numbers
1.0 N i l
2 .0 Less than 10
3 .0 Few
4 .0 Medium
5 .0 Abundant
APPENDIX 6 MEDIA
V8 Juice Medium
20 grams Agar (Oxoid No. 3) concentrate
25 grams V8 Juice (Campbell*s V8 Juice concentrate)
1000 mis Glass distilled water
Water Streptomycin Agar 
20 grams Agar (Oxoid No. 3)
100G mis Glass distilled water
ml Streptomycin Sulphate Stock Solution (50ppm)
* Stock Solution: Mix 100 mis of sterile glass distilled water
1 gram Streptomycin Sulphate
Eckert and Tsao (1962)
(2ml Pimaricin ("Pimafucin") antibiotic suspension 
*-(25mg Penicillin (Crystalline Penicillin C)
(25mg Polymixin B Sulphate ("Aerosporin")
8.5gm Cornmeal Agar
5ÜG ml Glass distilled water
* Antibiotics added to cooled Agar
